Context: Testosterone prescribing rates have increased substantially in the past decade. However, little is known about the context within which such prescriptions occur.
likely to prescribe testosterone, endocrinologists were also more likely to obtain an appropriate workup before prescribing compared with primary care providers (AOR, 2.14; 95% CI, 1.54-2.97).
Conclusions:
Our results highlight the opportunity to intervene at both the provider and the site levels to improve testosterone prescribing. This study also provides a useful example of how to examine contributions to prescribing variation at different levels of the health care system. (J Clin Endocrinol Metab 102: [3226] [3227] [3228] [3229] [3230] [3231] [3232] [3233] 2017) T here has been a large increase in testosterone prescribing in the United States over the past decade (1) . New testosterone prescriptions within the Veterans Health Administration (VA) also increased substantially between 2009 and 2012 (2) . From fiscal year (FY) 2008 to FY 2014, among all classes of medications, testosterone was the 13th most commonly prescribed drug in the VA, ranking just below cardiovascular medications, opioids, antidepressants, and antipsychotics. Although there was an increase in testosterone use from 2000 to 2012 attributed primarily to promotion, marketing, and direct-to-consumer advertising of testosterone products (3) , since 2013 there has been a drop in testosterone prescription sales (4) after some reports that have suggested an increased risk of cardiovascular events in men taking testosterone (5, 6) .
The issue of prescribing of testosterone without appropriate baseline evaluation has gained considerable attention (2, 7) and has led the US Food and Drug Administration to review the appropriate labeling for testosterone products (8, 9) . However, the clinical context within which testosterone prescriptions occur remains poorly understood. The decision to prescribe medications results from complex interactions between patient-, provider-, and system-level factors (10) . In a recent evaluation of patient-level factors associated with testosterone use in the VA, we found that age, obesity, and opioid use were the strongest predictors of testosterone receipt (11) .
Beyond the contributions of patient-level factors, prescribing testosterone, like any medication, may be affected by provider- (12, 13) and site-level factors (14, 15) . No previous study has examined whether some providers are more or less likely to prescribe testosterone than others and whether prescription use varies by site in various geographic regions. Therefore, in this study, we analyzed the providerand site-level predictors of testosterone use, taking advantage of the multilevel data available within the VA system. Understanding the relative influence of these factors at the level of the region, site, and provider will enable the design of interventions that can improve prescribing of testosterone and, by extension, other medications.
Materials and Methods
The study was approved by the Institutional Review Board of the Bedford VA Medical Center. We examined provider and site characteristics associated with an index dispensing of testosterone among patients receiving outpatient medications in the national VA system from 1 October 2007 to 30 September 2012 (FY 2008 to FY 2012 .
Study population
The study included male patients who had at least one outpatient testosterone prescription filled between FY 2009 and FY 2012 (testosterone patients, n = 132,764) and a random 10% sample of male patients who received at least one outpatient fill for another medication and did not receive testosterone between FY 2009 and FY 2012 (nontestosterone patients, n = 550,151), for a total of 682,915 patients. Patients with HIV or diagnosed disorders of the testis, pituitary, or hypothalamus were excluded. In a separate study, we have shown that most patients who receive testosterone do not have a diagnosed disorder of the pituitary, hypothalamus, or testes (11) . Prescribing testosterone to patients without a strong indication might be termed a "discretionary" prescription; this is the type of prescribing we were most interested in examining.
The provider and site characteristics associated with these patients were captured at the time of the index prescription fill, which was the earliest testosterone fill for the testosterone patients or a prescription fill chosen at random for the nontestosterone patients. The provider who wrote the index prescription was designated the "provider of interest" in these analyses. The VA is organized into 130 stations, which generally consist of a main hospital and several satellite clinics. Approximately 90% of VA patients receive all their care at one station. When a patient received care at more than one station, we considered the station where the patient had the most encounters. The current study included 38,648 providers and 130 stations (Fig. 1 ).
Independent variables: provider characteristics
Data on provider characteristics were obtained from the VA Corporate Data Warehouse and supplemented by VA human resources files. Providers were characterized by age, years in the VA, sex, credentials, and specialty. Provider age was calculated from the date of birth, and years in the VA were calculated from the employment start date. We were uncertain whether older providers might prescribe more testosterone (because of less familiarity with evidence-based medicine) or less (because the phenomenon of increased testosterone prescribing is new to them). We expected providers with more years in the VA system to prescribe testosterone less often because their practice may have been more influenced by the VA's generally parsimonious approach to prescribing.
Credentials refer to the provider's training and included categories such as the Doctor of Medicine (MD), Doctor of Osteopathy, physician assistant, nurse practitioner, pharmacist, and other. Specialty refers to the area of medical specialization, such as primary care/general, endocrinology, urology. We combined the provider credentials and specialty to create a single provider type variable for our analyses, such as MD, primary care; MD, urology; and physician assistant, primary care. We expected that specialists such as endocrinologists would prescribe more testosterone because patients may be referred to them specifically to consider such therapy. We were nevertheless interested in quantifying this effect. Missing values for each of the provider characteristics (age, 7%; years in VA, 11%; sex, 3%; credentials, 0.4%; specialty, 0.2%) were supplemented using multiple imputation.
Independent variables: site characteristics
Data pertaining to site characteristics were obtained from the following VA entities: VA Corporate Data Warehouse, Planning Systems Support Group, Veterans Equitable Resource Allocation system, and Office of Productivity, Efficiency & Staffing. Sites were characterized by region, patient load, complexity, and apportionment of care between a hospital and its satellite clinics. Region refers to geographic location within the United States (Midwest, South, West, and Northeast). Patient load represents the number of unique patients seen at a specific VA station. Geographic region and patient load may affect rates of testosterone prescribing, although the direction is difficult to predict. In addition, we stratified facilities by complexity rating (category 1a, 1b, 1c, 2, or 3 on the VA Allocation Resource Center Complexity Scale). The VA rates each VA Medical center on this five-level scale, with high-complexity facilities (category 1a) seeing the largest volume of patients and having the highest patient risk and complexity (16) . VA complexity ratings have previously been used to measure facility complexity in VA research (17) . We expected high-complexity facilities to have lower testosterone prescribing rates due to greater availability of local expertise (e.g., an academically oriented endocrinologist) to guide practice.
Because patient load and site complexity were highly correlated (correlation coefficient, 20.77), we excluded patient load from the final model. One additional site characteristic was derived using patient-level data: specifically, the apportionment of each patient's outpatient visits between the hospital and community-based outpatient clinic (CBOC). This variable was used to ascertain whether a patient primarily received care at a CBOC or at the main facility. We expected patients who received at least some of their care at any CBOC to be more likely to receive testosterone because CBOC providers may have less access to and interaction with experts at the main site. Although other potentially relevant site-level characteristics, including academic affiliation, location of a site in a rural area, and number of providers at a site, were examined, we did not include them in the final models due to lack of significant associations with the outcome (i.e., testosterone prescribing).
Dependent variables: testosterone prescribing and appropriateness of prescribing
Our primary outcome was whether the patient received testosterone from a VA pharmacy. Among patients who did receive testosterone, we also evaluated the appropriateness of prescribing as an outcome. To determine the appropriateness of the testosterone prescription, we examined the association of each of the provider and site characteristics with testing of testosterone levels before initiation of therapy in new patients in FY 2009 to FY 2012. Clinical guidelines require documentation of low morning testosterone levels on two or more occasions along with consistent signs and symptoms (18) (19) (20) . Consistent with our previous study (2) and guidelines, we defined total testosterone ,300 ng/dL or free testosterone ,70 pg/mL as low. We examined several different levels of appropriateness in our models: at least one low testosterone level (minimal appropriateness), at least two low levels, and at least two low levels measured in the morning (blood draw time between 5:00 and 10:00 AM; maximal appropriateness). For our analyses of whether patients had received an appropriate workup before receiving testosterone, we restricted the sample to patients who first received testosterone between FY 2009 to FY 2012 (n = 99,045) to allow a 1-year look-back period for checking of testosterone levels before the index testosterone prescription. The corresponding number of providers and sites for these appropriateness analyses were 12,912 and 129, respectively.
Statistical analyses
Logistic regression was used to ascertain the likelihood of receiving testosterone and the appropriateness of testosterone testing before prescription at both the provider and site level. Mixed models were generated to adjust for clustering at the provider and site level. Analyses were conducted using SAS, version 9.3 (SAS Corp., Cary, NC).
Results

Provider-level predictors of testosterone prescribing
The association of provider characteristics with testosterone use is reported in Table 1 . After adjusting for clustering, providers ranging in age from 31 to 60 years were more likely to prescribe testosterone compared with providers 61 and older in the fully adjusted model. Providers with #1 year of service in the VA were more likely to prescribe testosterone than providers with 16 Site-level predictors of testosterone prescribing Table 2 presents the association of site characteristics with testosterone use. In the fully adjusted model, sites located in the West (AOR, 1.75; 95% CI, 1.45 to 2.11), South (AOR, 1.63; 95% CI, 1.36 to 1.95), and Midwest (AOR, 1.37; 95% CI, 1.13 to 1.67) were more likely to prescribe testosterone than sites in the Northeast. Patients receiving at least some of their care at a CBOC were more likely to receive testosterone (AOR, 1.22; 95% CI, 1.20 to 1.24) compared with patients receiving care only at the main facility. Site complexity level was not significantly associated with testosterone prescribing after adjusting for clustering and the other site characteristics.
Association of provider and site characteristics with appropriate testosterone testing
The association of site and provider characteristics with testosterone testing (at least one low testosterone level, at least two low testosterone levels, and at least two low morning testosterone levels) is shown in Table 3 . Providers in the age range of 31 to 40 years (AOR, 1.30; 95% CI, 1.12 to 1.50) were more likely to measure two low morning testosterone levels compared with the older providers. Conversely, providers with less than 1 year in the VA were less likely to check for two low testosterone levels in the morning compared with the providers with 16 or more years in the VA (AOR, 0.82; 95% CI, 0.72 to 0.94). Male providers were less likely to check two morning low testosterone levels before prescribing testosterone, compared with female providers (AOR, 0.88; 95% CI, 0.81 to 0.96). MDs in endocrinology were more b Percentage calculation considers that nontestosterone patients were sampled with a rate of 10%.
c The fully adjusted model uses all provider characteristics specified in the table.
d Odds ratio differs from the reference group; that is, patients without the specified factor at the level of P , 0.01. All other odds ratios do not differ from the reference group at the 0.01 level.
likely to record two low testosterone levels in the morning than MDs in primary care (AOR, 2.14; 95% CI, 1.54 to 2.97). Among the site characteristics, regional location of sites had a significant association with testosterone-level testing. Sites in the Northeast were more likely to check for two low testosterone levels as well as two low morning testosterone levels. Patients receiving any care at a CBOC were less likely to be checked for two low morning testosterone levels before initiating therapy (AOR, 0.83; 95% CI, 0.77 to 0.90). In terms of site complexity, overall, category 1a sites (the largest and most complex sites; AOR, 1.33; 95% CI, 1.18 to 1.49) and 1c sites were more likely to adhere to appropriate testing of two low testosterone levels in the morning compared with category 3 (AOR,1.23; 95% CI, 1.08 to 1.41).
Discussion
This study examined provider and site predictors of testosterone prescribing in the VA. Findings suggest that providers ranging in age from 31 to 60 years, with less experience in the VA, and credentialed as MDs in endocrinology and urology were more likely to prescribe testosterone to their patients. Geographic region and care received at a CBOC also significantly predicted testosterone use. Perhaps the most important finding is that physicians specializing in endocrinology and urology, those with more experience in the VA, and those practicing at a major VA medical facility were more likely to perform appropriate diagnostic evaluation before prescribing testosterone. Assuming that the physician specialists in endocrinology and urology have received a higher level of training in managing male reproductive disorders than nonspecialists, these findings raise the possibility that testosterone prescribing practices could be improved by targeted provider training or computerbased decision support.
Providers' decision-making processes are influenced by their personal characteristics, such as sex, age, and ethnicity (21) . Therefore, it is not surprising that we found that younger provider age and fewer years practicing in the VA were associated with more testosterone prescribing. Although this study does not provide direct insight into why these patterns emerged, there are some likely explanations. For example, providers with fewer years in practice in the VA could be prescribing testosterone more often because they may be less fully acculturated to the generally parsimonious prescribing norms in the VA system, including the use of drug detailing, prior authorization requests, etc., which focus on evidence for benefit rather than cost per se.
Although younger providers were more likely to prescribe testosterone, they were more likely to document low testosterone levels before prescribing, as were providers with more experience in the VA system. This could be because providers trained more recently may be more aware of clinical practice guidelines and the principles of evidence-based medicine. Our finding of younger provider age as a determinant for guideline-concordant prescribing echoes those of other studies that have a Testosterone patients, n = 132,764; nontestosterone patients, n = 550,151.
b Percentage calculation considers that nontestosterone patients were sampled with a rate of 10%.
c The fully adjusted model uses all site characteristics specified in the table.
evaluated the relationship between clinical experience (defined as physician age and time in practice) and performance (22, 23) . These previous studies suggested that older physicians are less likely to adhere to appropriate standards of care and may also have poorer patient outcomes. We also found substantial contributions to prescribing of testosterone at the site level. Sites in the Northeast were not only less likely to prescribe this therapy but also more likely to document appropriate testosterone testing before initiating therapy; indeed, the two may be related. It is possible that these geographic differences reflect cultural factors, which may in turn affect the propensity of patients in the West and Southeast to request testosterone or provider comfort with discussing it. Our results are consistent with published findings on outpatient antibiotic prescribing in the VA, which have substantial variation in the levels of antibiotic dispensing throughout regions (24, 25) . Similarly, we found that patients treated at a CBOC were more likely to receive testosterone and less likely to have received appropriate testing. Providers practicing at CBOCs may be less current with medical knowledge due to their remoteness from academic medical centers, which may contribute to a lower likelihood of appropriate prescribing. However, this medical center-CBOC divide has been mitigated to some extent over the years with the availability of online educational resources and with the provision of electronic consultations of academic and specialty expertise to providers throughout the VA, including CBOCs. These findings collectively suggest that local factors may play an important role in influencing prescribing and offer the opportunity to focus quality improvement efforts in specific regions and settings. Beyond testosterone, this study provides a useful example of how to examine contributions to prescribing variation at different levels of the health care system. To the extent that individual providers and sites vary in their decision-making regarding testosterone prescribing, our results highlight the opportunity to intervene at both the provider and the site levels. Various interventions in the literature have been used to improve and standardize provider prescribing practice, such as mailed educational materials, educational programs, audit and feedback, and academic detailing (26) . Through such efforts, providers' knowledge of how to manage male hypogonadism could be increased, which could help promote adherence to existing clinical practice guidelines for testosterone prescribing (18) (19) (20) .
Patient demand for testosterone is likely to play an important role. In other areas of prescribing, research has shown that providing tools for providers to address patient demands without resorting to a prescription, such as a "non-prescription pad," can help curb inappropriate prescribing (27) (28) (29) (30) (31) . Using a similar tool here could help empower providers to offer an alternative to testosterone therapy for patients who want to feel "peppier," such as advice about improving diet, exercise, or sleep. Such an approach is likely to simultaneously address patients' symptoms and expectations. However, even with the benefit of such approaches, changing provider prescribing practices and behavior is a challenging task.
Other provider-oriented interventions could operate at the systems level, such as decision support implemented through the electronic medical record (32) . Another possible approach to creating system-level changes would be to draw on the role of pharmacists to ensure appropriate documentation of a clinical need before dispensing the testosterone fill. Pharmacist-led interventions, such as point-of-care medication review and pharmacist consultations, have effectively reduced inappropriate prescribing (33, 34) . System-oriented approaches may be the most powerful approaches to change practice and could be even more effective when combined with interventions targeted at the provider level (30) .
Our study has important strengths and some limitations. We used a large and highly detailed dataset from the nation's largest integrated system of care and adjusted for a comprehensive set of provider and site variables. However, this dataset does not permit an evaluation of provider attitudes and whether or how these values influence testosterone prescribing practices. We are exploring provider and patient attitudes toward testosterone therapy in an ongoing qualitative study. Also, it is possible that the provider and site determinants of testosterone prescribing outside of the VA may differ from those within this system, although we suspect that these differences would likely be minor. Another limitation is that our study did not consider dual-care veterans (i.e., patients who had been started on testosterone in the private sector and then came to VA to have the medication renewed or who had laboratory work in the private sector and then came to the VA to receive testosterone).
In summary, we characterized the provider-and sitelevel determinants of testosterone prescribing as well as inappropriate testosterone prescribing. The VA and other health care systems can use these insights to design more effective interventions that can help decrease inappropriate prescribing of testosterone while ensuring that those patients who can benefit the most can still receive it.
